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METHOD OF CLEANING A DUAL DAMASCENE STRUCTURE 



CROSS-REFERENCE TO RELATED APPLICATION 
5 This application claims the priority benefit of Taiwan application serial no. 

90109100, filed on April 17, 2001. 

BACKGROUND OF THE INVENTION 

Field of Invention 

10 The present invention relates to a cleaning method of a semiconductor structure. 

More particularly, the present invention relates to a cleaning method of a dual 
damascene structure. 
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Description of Related Art 

15 When using a dual damascene structure in multilevel metal interconnects, the 

reliability and process ability of the device are increased. A^copper conducting wire is 
generally used in this process to decrease the resistance of the conducting wire and 
increase the speed and quality of the integrated circuit device. After the device 
achieves high integration, using a dielectric layer having a low dielectric constant (low- 

20 k) to manufacture the dual damascene structure has gradually become the major 
technique in the semiconductor industry. 

FIG. 1 illustrates a cross-sectional view of a conventional dual damascene 
structure. 
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Referring to FIG. 1, a metal layer 102, a cap layer 104 and a dielectric layer 106 
are formed on a substrate 100. A dual damascene opening 108 is formed by etching 
the dielectric layer 106 and cap layer 104. The metal layer 102 serves as an etching stop 
layer, and a part of the surface of the metal layer 102 is exposed. The material of jhe 
cap layer 104 is silicon nitride. This etching process produces a lot of polymer residue 
that remains on the profile of dual damascene opening 108 and the surface of the metal 
layer 102. Therefore, a cleaning step can remove the polymer residue and metal oxide 
on the profile of the dual damascene opening 108 and the surface of the metal layer 102 
before a second metal layer fills in the dual damascene opening 108. In the final step, 
the second metal layer fills in the dual damascene opening 108. 

In the conventional cleaning method of the dual damascene opening, an amine- 

based organic solvent first cleans the dual damascene opening 108, followed by an 
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argon sputtering step to bombard the metal oxide for removing the polymer residue 
before the second metal layer fills in the dual damascene opening 108. However, the 
conventional method cannot completely remove the metal oxide from the surface of the 
metal layer 102. In another conventional cleaning method of dual damascene opening, 
an amine-based orgamc_solyentcleans as the opening similar to the previous description, 
and then hydrogen gas (H 2 ) is used to deoxidize the metal oxide for cleaning and 

r 

removing the polymer residue and the metal oxide. The second cleaning method can 
completely remove the polymer residues and metal oxide, but the hydrogen also reacts 
on the dielectric layer 106, and a bow shaped recess 1 10 is formed, which damages the 
profile of the dual damascene 108. 
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SUMMARY OF THE INVENTION 

The invention provides a cleaning method of a dual damascene to remove the 
polymer residue and the metal oxide. 

The invention also provides a cleaning method of a dual damascene to reduce 
the via resistance and prevent erosion of the metal layer. 

The invention also provides a cleaning method of a dual damascene to prevent 
further damage on the profile of the dual damascene. 

As embodied and broadly described herein, the invention provides a cleaning 
method of a dual damascene. A first metal layer, a cap layer and a dielectric layer are 
formed in sequence on a substrate, and then a dual damascene opening is formed in the 
dielectric layer and the cap layer to expose the surface of the first metal layer. There 
are two types of cleaning steps after etching. The first method uses a fluorine jased 
organic solvent to clean the dual damascene opening. An alternative cleaning met hod 
for the dual damascene opening first uses a hydrogen peroxidejjased solvent at a high 
temperature, followed by a hydrofluoric acid solvent cleaning step . Then, an argon gas 
plasma is sputtered to clean the dual damascene opening before a second metal layer 
fills in the dual damascene opening. 

The cleaning method of this invention is more efficient to remove the polymer 
residue on the dielectric layer and the metal oxide on the metal layer, and reduces the 
via resistance in the dual damascene. 

The cleaning method of this invention also can prevent further damage on the 
profile of the dual damascene opening. 

The cleaning method of this invention also can prevent the erosion of the metal 

layer. 
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It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 



The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. In the drawings, 

Fig. 1 illustrates a cross-sectional view of a conventional cleaning method of a 
dual damascene structure. 

Fig. 2 illustrates a cross-sectional view of a cleaning method of a dual 
damascene structure according to one preferred embodiment of this invention. 

Fig. 3 illustrates a flow diagram showing the cleaning steps of a dual damascene 
structure according to one preferred embodiment of this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
FIG. 2 illustrates a cross-sectional view of a cleaning process of a dual 
damascene according to one preferred embodiment of this invention. 

Referring to FIG. 2, a first metal layer 202, a cap layer 204 and a dielectric 
layer 208 are formed in sequence on a substrate 200. The material of the first m etal 
laye r 202 is cop per. The material of the cap layer 204 is siliconjiitride. And the 
material of the dielectric layer 206 is^ silicate/and fluorine carbide, and both materials 
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7 have a low dielectric constant (low-k). Next, a dual damascene opening 208 is formed 
in the dielectric layer 208 and the cap layer 204 by dry etching. 

The polymer residue and the metal oxide residue are produced in the profile of 
the dual damascene opening 208 and the surface of the metal layer 202 after the etching 
5 process. Therefore, a cleaning step is carried out to remove the polymer residue and 
metal oxide on the surface of the metal layer 202 in the dual damascene opening 208. 

FIG. 3 illustrates a flow diagram showing the cleaning steps of a dual 
damascene structure according to one preferred embodiment of this invention. 

Referring to FIG. 3, step 301 shows that the dual damascene opening 208 is 
10 formed in the dielectric layer 206 and the cap layer 204. Step_303_shows the post- 
etching cleaning step and two types of cleaning methods for the post-etching cleaning, 
f — The first post-etching cleaning method uses a fluorine-base c^gainc^cjyent to 

^ \ clean the dual damascene opening 208. The fluorine-based organic solvent include s an 
oxidizing agent and a chelating agent in A fluori de acetate solvent^ or it includes the 
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oxidizing agent and the chelating agent in an^aim-non^ The 
fluoride acetate and the ammonium fluoride both can prevent over erosion on the metal 
layer. The oxidizing agent can oxidize the polymer residue, and the chelating agent can 
prevent over oxidation on the metal layer. 

The other method of post-etching cleaning uses a hydrogen peroxid e (H 2Q2) 
20 solvent to clean the dual damascene opening 208, which takes about 5 to 10 minutes. 
Then a dilute hydrofluoric (HF) acid solvent is used to clean the dual damascene 
opening 208, which takes about 2 to 10 minutes. More particularly, th e H 2 Q 2 solvent 
is mixed with hydrogen peroxide and water at a ratio of between 1:20 and 1:80. The 
HF acid solvent is mixed with hydrofluoric acid and water at a ratio of 1:600. The 
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hydrogen peroxide is the oxidizing agent to remove the polymer residue, and the 
hydrofluoric acid can remove the oxide residue on the metal layer 202. The best 
temperature of the hydrogen peroxide solvent is between 40 and 60 degrees Celsius to 
prevent over oxidation on the metal layer 202. 

Step 305 shows t he pre-cleaning step . An argon (Ar) gas plsama is sputtered 
to remove the metal oxide on the profile of the dual damascene opening 208 and the 
metal layer 202. More particularly, the sputtering power is between 75 and 300 watts 
to sputter the argon gas and takes about 10 to 30 seconds. 

A fluorine-based organic solvent or a hydrogen peroxide based solvent with a 
hydrofluoric acid solvent are used to carry out the post-etching cleaning step 303. Then 
argon gas is sputtered to carry out the pre-cleaning step 305.^ Those steps can 
completely remove the polymer residue and the metal oxide, do not damage the profile 
of the dual damascene opening 208, and prevent the erosion of the metal layer 202. 

After the cleaning steps are completed, the dual damascene opening 208 is 
filled with a second metal layer to complete the dual damascene structure process. The 
material of the second metal layer includes, for example, copper. The method of 
forming the dual damascene structure is described in the following steps. First, barrier 
layers may be formed conformal to a profile of the dual damascene opening 208. A 
seeding sterjjs performed around the dual damascene opening 208. The opening is 
filled with the second metal layer formed by physical vapor deposition (PVD), and the 
second metal layer is then polished by chemical mechanical polishing to remove the 
extra portion of the second metal layer until the dielectric layer 206 is exposed. 

In the above description, there are three advantages of this invention: 
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1. The cleaning process of this invention is efficient and removes polymer 
residue and the metal oxide, and reduces the via resistance after forming the structure of 
the dual damascene. 

2. The cleaning process of this invention can keep the integrity of the profile of 
the dual damascene opening. 

3. The cleaning process of this invention can prevent erosion on the metal layer. 
It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing from 
the scope or spirit of the invention. In view of the foregoing, it is intended that the 
present invention cover modifications and variations of this invention provided they fall 
within the scope of the following claims and their equivalents. 



